1972.-Prostaglandins, at low concentrations, inhibit the osmotic water-flow response to antidiuretic hormone (ADH) and to theophylline in toad bladder. They have no effect upon the response to dibutyryl cyclic AMP. Thus the prustaglandins inhibit adenyl cyclase in this tissue and decrease the stimulation of adenyl cyclase by ADH. It is not known, however, whether endogenous prostaglandins have any physiological role in reducing basal adenyl cyclase activity and hormone responses. As indomethacin inhibits prostaglandin synthetase and thus blocks prostaglandin synthesis and release, it has been used to assess the physiological role of prostaglandins. Indomethacin enhanced the osmotic water-flow response to submaximal concentrations of antidiurelic hcrmone and to dibutyryl cyclic AMP. The effect on the latter was ascribed to the inhibitory effect of indomethacin on phosphodiesterase. On a molar basis, indomethacin was estimated to be more than lo-fold more effective than theophylline in its ability to inhibit phosphodiesterase. Thus potentiation cf the response to ADH by indomethacin, even at low concentrations, is not by itself an indication that endogenous release of prostaglandins exerts a continual restraining influence on adenyl cyclase. However, it was found that indomethacin potentiated the response to high concentrations of theophylline (which alone inhibit phosphodiesterase activity). This effect is ascribed to the lifting of prostaglandin inhibition of adenyl cyclase and indicates that endogenous prostaglandins could have a regulatory role to play in the normal cell function. adenyl cyclase; antidiuretic hormone; theophylline; indomethacin; phosphodiesterase; 7-oxa-prostynoic acid PROSTAGLANDINS have marked effects on the activity of adenyl cyclase in many tissues (15). In most cases, the effects observed are stimulatory, while in a few they are inhibitory.
One example of the latter is the fat cell in which prostaglandins can inhibit the lipolysis due to catecholamines, glucagon, or ACTH (19). Similarly, in the collecting duct of the kidney, the osmotic water-flow response to antidiuretic hormone (ADH) is inhibited (10). For both of these systems it has been suggested that endogenous prostaglandins could serve as modulators of the hormone responses. According to this suggestion, stimulation by hormone action would result in increased generation of adenosine 3' ,5'-monophosphate (cyclic AMP) and might also result in increased secretion of prostaglandins.
This negative feedback system would result in a dampening effect upon the hormonal response. In the case of the fat cell there is evidence that lipolysis is associated with the release of prostaglandins (4). There is no similar evidence relating to the collecting duct.
With the availability of prostaglandin antagonists (6, 7,9, 17) and agents that block the synthesis and release of prostaglandins (8, ZO), it seems possible to test whether endogenous prostaglandins do, in fact, have an important role in cell physiology.
We chose to use the isolated urinary bladder of the toad Bufo marinus that, in its response to antidiuretic hormone, mimics the collecting duct of the kidney.
Recent work has shown that in toad bladder the osmotic 
Water Flow
Osmotic water flow was measured in paired half-bladders mounted on glass tubes, as described originally by Bentley (1). Bladd er h 1 a ves were chosen randomly for the control or test situations.
Ringer's solution diluted 1 : 5 with distilled water was placed on the mucosal surface of the half-bladder and full strength Ringer's solution on the serosal surface. Basal water flow was measured over a 1-hr period. The halfbladders were then standardized by measuring the waterflow response to 25 mu/ml vasopressin. After washing the half-bladders in fresh Ringer's solution for 1 hr, the procedures were repeated in the presence and absence of specific test agents, thus allowing measurement of the water-flow responses to these agents, to ADH, and to theophylline. The responses to indomethacin, theophylline, dibutyryl cyclic adenosine monophosphate-3H and the latter is converted to adenosineo3H by excess of 5'-nucleotidase activity in a snake venom preparation.
The adenosine-3H is separated from unreacted substrate by treatment with ion exchange resin and assayed by liquid scintillation counting. The entire assay is conducted in -<a standard scintillation vial in a total volume of 50 ~1. Toad bladder homogenate, 20 ~1, was added to 30 /,cl of incubation mixture containing 1 ppmole cyclic AMP-3H, and cyclic AMP to 10e5 or lo+ M, king cobra toxin 0.4 mg/ml, MgCl2 5 mM, Tris-HCl buffer 20 mM, and theophylline and indomethacin when required. The amount of protein in the assay (about 20-40 pg) was chosen so that approximately 50 % of the cyclic AMP would be broken down. The reaction was stopped by adding 1 ml of AG-l-X2 (200-400 mesh) resin in water (1: 1). After equilibrating for 10 min, 15 ml of dioxane scintillation fluid were added and the samples assayed for tritium.
After In Tables 1 and 2 are shown the effects of theophylline on phosphodiesterase activity. In the presence of 100~ M cyclic AMP, theophylline at 10s5, 10a4, and 10e3 M inhibited the enzyme by 9, 5 1, and 68 %, respectively.
In the presence of 10B6 M cyclic AMP the inhibition by theophylline was 9, 50, and 66 %, respectively.
It could be estimated from these data that the inhibitory effect of 1 pg/ml indomethacin (2.8 X 10B6 M) on phosphodiesterase activity was equivalent to 5 X 10B5 M theophylline (i.e., indomethacin is more potent than theophylline).
This
concentration of theophylline was then tested for its effect on the water-flow response to dibutyryl cyclic AMP.
-c 0. the enhancement of the ADH response seen in Fig. 1 may not be due to an effect on adenyl cyclase but could be due to 3). Thus slight (2 15 %) inhibition of phosphodiesterase can enhance the effect of cyclic AMP.
Effect of Indomethacin (I pg/ml) on Water-Flow Response to 22 mM ~heOjdJdhe One way to remove the complicating effect of the slight phosphodiesterase activity of indomethacin is to test it for activity against a high concentration of a phosphodiesterase inhibitor such as theophylline. Theophylline at 22 mM has been found to inhibit phosphodiesterase activity by 98 % (Tables 1 and 2 ). In the face of this the phosphodiesterase inhibitory activity of indomethacin should be negligible. The results in Fig. 4 show that indomethacin significantly increased the effect of 22 mM theophylline. This is presumably due to inhibition of prostaglandin synthesis. (1 E.lglml). A g fi si ni cant increase i n water flow occurred i n presence of 7-oxa-13-prostynoic acid.
Efect of 7-Oxa-13-Prostynoic Acid (1.2 X low5 M) on Water-Flow Response to Theophylline (II mM> in Presence of Indomethacin (1 pg/ml)
The prostaglandin antagonist had a slight but significant stimulatory effect upon the rate of osmotic water flow to theophylline, even after the bladders had been treated with indomethacin for 30 min prior to the test (see Fig. 5 ).
DISCUSSION
The experiments reported here were carried out initially on the assumption that indomethacin, by virtue of its ability to inhibit prostaglandin synthetase, might be useful in the detection of effects of endogenous prostaglandins.
Thus one could test current hypotheses concerning the roles of prostaglandins, for example, the mediation or modulation of hormone action. In toad bladder PGEr has been found to inhibit the action of ADH. Indomethacin has been shown to reduce markedly prostaglandin content of toad bladder (2 1) and would thus be expected to reduce similarly any inhibitory influence of endogenous prostaglandins.
The results showed that indomethacin could indeed enhance the response of submaximal concentrations of ADH so that at first sight one could assume a role for prostaglandins manufactured by the cells of this tissue. Unfortunately, however, it was found that indomethacin could also potentiate the action of dibutyryl cyclic AMP. This finding suggests that the indomethacin effect on the ADH response could be mediated, in whole or in part, at a point subsequent to adenyl cyclase. In seeking a mechanism for this effect, indomethacin was found to be a phosphodiesterase inhibitor and its potency on a molar basis was greater than that of theophylline or, in other terms, indomethacin at a concentration of 1 ,ug/ml was equivalent to 5 X 10m5 M theophylline. At this low concentration, theophylline was shown a) to inhibit phosphodiesterase and also b) to potentiate slightly the effect of dibutyryl cyclic AMP. Thus the effect of indomethacin to potentiate the ADH response could be ascribed, at least in part, to its inhibitory effect on phosphodiesterase.
Further studies were then performed to seek a role for prostaglandins in the function of toad bladder cells. Theophylline is known to stimulate osmotic water flow across the toad bladder by virtue of its ability to inhibit phosphodiesterase and allow cyclic AMP levels in the cell to rise. Prostaglandins will also inhibit the response to theophylline. That is to say that prostaglandins inhibit the basal activity of adenyl cyclase. It was reasoned that the slight effect of indomethacin on phosphodiesterase activity (equivalent to 5 X 10m5 M theophylline) would be insignificant in the presence of 22 mM theophylline, at which concentration phosphodiesterase activity in vitro is inhibited by 98 %. Thus we sought an effect of indomethacin in the presence of 22 mM theophylline.
Under these conditions we could be comparing the effect of 22 X 10e3 M theophylline against 22 )( 10e3 M theophylline + indomethacin (i.e., equivalent to 22.05 X 1O-3 M theophylline).
Under these conditions a significant effect of indomethacin was seen. Although we cannot be sure that the activity of phosphodiesterase inhibitors is the same in viva and in vitro, an effect of indomethacin due to phosphodiesterase inhibition under these conditions seems unlikely. Thus, the suppression of prostaglandin synthesis by indomethacin in these cells may have been the cause of the enhanced responses and endogenous prostaglandins could play a role in modulating the activity of adenyl cyclase. One further piece of information can be gained from experiments with indomethacin. It was shown in a previous paper that prostaglandin antagonists such as 7-oxa-13-prostynoic acid and polyphloretin phosphate could stimulate adenyl cyclase, as shown by stimulation of water flow in the absence of ADH and by enhancement of theophylline response. They were also shown to potentiate the action of ADH (I 4). It was concluded that two possible mechanisms for these actions of prostaglandin antagonists existed. On the one hand they could be antagonizing the effects of endogenous prostaglandins, while on the other they might have an intr*insic ability to stimulate adenyl cyclase and potentiate hormone responses. As a test for the ability of prostaglandin antagonists to act in the absence of prostaglandins, the effect of 7-oxa-13-prostynoic acid on the osmotic water-flow re-
